Prestack migration deconvolution (MD) is applied to 2-D and 3-D depth migrated images computed from synthetic models and field data. The results show that prestack MD improves resolution and reduces migration artifacts. Subdividing the migration image and using multi-reference migration Green's function accounts for lateral velocity variations and attenuates some far-field artifacts.
Introduction
Poststack MD has been shown to be an effective method for attenuating migration noise, improving lateral resolution, and correcting for some migration amplitude distortion in 2-D and 3-D data (Hu and Schuster, 1998; and Hu and Valasek, 1999) . In field data tests, poststack MD has successfully improved the 3-D poststack migration images (Hu and Valsek, 1999) obtained from both synthetic and field data. Although the resolution was improved, the artifacts in the 3-D prestack-migration image were not completely attenuated by poststack MD. To partly remedy this problem, it is necessary to develop a prestack MD algorithm. In this paper, we develop a prestack MD algorithm and apply it to 3-D synthetic and 2-D field data.
Theory
The principle of MD is presented in Schuster, (1998, 2000) , and Hu and Valasek, (1999) . There are two ways to implement prestack MD: construct and apply an MD filter to each migrated shot gather, or construct and apply an MD filter to the final stacked migration image. The former procedure can be represented mathematically by recalling that the reflectivity model m(r) can be related to the seismic data associated with the ith shot gather by
where L i is the forward modeling operator associated with the ith shot, and d i is the seismic data of the ith shot gather, and m represents the reflectivity model.
Applying migration to the traces of the ith shot gather gives the migrated image as:
where
is the migration operator for the ith shot gather, and m i is the migration image of the ith shot gather.
Applying MD to the migration image of the ith shot gather and summation of the MD results for every shot gather will give the prestack deconvolved migration image:
where Ns is the number of shot gathers.
One shot gather constructs a partial image of the model, so images constructed by different shot gathers may be inconsistent with each other because of inaccuracies in the migration velocity. Thus summation in equation 3 may cancel important reflectors.
An alternative MD procedure is to apply the MD filter
This procedure can give a unique solution to the problem, it is also cheaper in implementation, so this is the algorithm we choose in implementing prestack MD.
Implementation
Compared with the poststack MD algorithm, 3-D prestack MD requires much more calculation time. To deal with large data sets, two methods are used in the prestack MD: (1) divide the migrated image into several non-overlapping parts in depth, each of which is further decomposed into several image layers. For each processing step, only a few layers of the migrated image and its corresponding traveltimes are processed and then written out to disk (Hu and Valasek, 1999) ; (2) distribute the calculation of the prestack migration Green's function to several different computers, each of which only calculates the migration Green's function associated with a partial-recording geometry. The prestack MD algorithm can be implemented by combining these two methods.
The key assumption in MD (Hu and Schuster, 1998; is that the migration Green's function is laterally invariant, which implies a 1-D velocity model and, an uniform recording geometry and wide aperture. In order to account for lateral velocity variations, a subdivision method is used, i.e., the migration image is divided into a number of overlapping vertical strips for a 2-D image or cubes for a 3-D image, and the reference position of the migration Green's function associated with each strip or cube can be chosen at their central point. Applying an MD filter to each strip or cube and then combining them together gives the final deconvolved image. In this way, MD is able to partly account for the lateral velocity variations and attenuate far-field artifacts in the migration image.
Numerical Experiments
Prestack MD was applied to three migration images: 1). a 3-D prestack migration image associated with a point scatterer model data, 2). a 2-D prestack migration image of Husky data from the Canadian foothills. 3). a 3-D prestack migration image associated with the SEG/EAGE salt model data.
Point scatterer model
Hu and Valasek (1999) applied poststack MD to the prestack migration image of a North Sea data set. In that test, the resolution of the prestack-migration image was noticeably improved by the poststack MD algorithm, but significant migration noise was not effectively attenuated. To illustrate the differences between prestack MD and poststack MD, the prestack-migration image of a pointscatterer is computed. The top row in Figure 1 is the prestack-Kirchhoff migration of a point-scatterer model where a 5 × 5 array of sources and a 21 × 21 array of receivers are evenly distributed on the top surface. The model size is 1000 × 1000 × 1000 meters 3 and the pointscatterer is located at the location (500m, 500m, 700m). The middle and bottom rows in Figure 1 show the poststack and prestack MD images at the depth of the pointscatterer. Comparing these two results, it is clear that poststack MD produces more artifacts in the deconvolved result although it still improves the lateral resolution in the original migration image.
2-D Prestack Husky migration data set
The Husky prestack data set includes 143 shot gathers and 40021 traces. The 2-D prestack Kirchhoff migration image is shown in Figure 2 . The grid size of this image is 1449 × 716 and the grid-point spacing is 10 meters. To apply MD to this prestack-migration image, the MD code is parallelized using MPI. Each computing node only accounts for a part of the 40021 traces.
Since the velocity model for the Husky prestack data is complicated, so that the migration Green's function correspond to the (a) and (b) figures in the top row, respectively. Compared with the original data, the resolution of the prestack migration image can be improved by poststack MD. On the other hand, the poststack migration will introduce new artifacts in the prestack migration image because the poststack-migration Green's function is not the same as the prestack-migration Green's function; (Bottom row) same as the middle figure except a prestack MD filter is used, where the Green's function is generated for prestack data. Compared with the top and middle figures, the prestack MD can improve resolution and attenuate artifacts. strongly varies in the lateral coordinates. In order to account for the large lateral velocity variations, the whole image is divided into twenty overlapping vertical strips, the width of each strip is between 32 and 128 grid points. The reference position of the migration Green's function is at the center of each strip. The final MD image is the concatenation of the deconvolved strip images. All traces are used in the calculation of the migration Green's function for each strip, and this procedure appears to roughly reduce the far-field migration artifacts and partly account for lateral velocity variations. The bottom image at Figure 2 shows the concatenation of the twenty strips of the MD image. Compared with the original migration image at the top of Figure 2 , the deconvolved-migration image is better in resolution improvement and artifact attenuation. The left column shows the original migration image and the right column depicts the MD images. Compared with these four images, MD provides better resolution and artifact attenuation.
The zoom views of the boxed areas in Figure 2 are shown in Figure 3 . These zoom view images clearly show that MD noticeably reveals more geological details, and mostly improves the image quality. The penalty of the subdivision method is that several times more calculation time is needed depending on the number of subdivisions. 
3-D Prestack SEG/EAGE salt model data set
To test the algorithm on more realistic 3-D data, the phase B classic data set 1 of the SEG/EAGE salt model is used, where it contains 169 shot gathers of marine streamer data. To see how MD suppresses artifacts and improves the quality of the migration image, we deliberately use a sparse traveltime table to generate a lowquality migration result. An inline and crossline image is shown at the left column in Figure 4 . This migration image is used as input to the prestack MD program, and the deconvolved images of the left column in Figure 4 are shown at the right column in Figure 4 . Compared with the original Kirchhoff migration image, there is a noticeable improvement in the resolution, artifact attenuation, and salt-boundary delineation by MD. Here, only one reference migration Green's function is used, and it is at the middle of the image cube.
Conclusions
The prestack MD algorithm was tested on 3-D synthetic and 2-D field data. These results show images with a noticeable improvement in resolution and in noise attenuation.
Using an image subdivision method, migration deconvolution can partly account for lateral variations in velocity and attenuate some far-field artifacts; the penalty, however, is that the subdivision method increases the required computation time.
Migration deconvolution can be applied to any part of the migrated image, so it is easy to implement this method for target-oriented processing and analysis. A good strategy might be to apply a cheap MD filter to the entire image, and apply multiple MD filter to the areas of interest.
